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Abstract. X-ray imaging will be an important diagnostic tool for inertial confinement fusion (ICF)
research at the National Ignition Facility (NIF). However, high neutron yields will make x-ray imaging
much more difficult than it is at current smaller facilities. We analyze the feasibility and performance of
an Ignition X-Ray Imager to be used on cryogenic DT implosions at NIF. The system is intended to
provide time-integrated, broadband, moderate-energy x-ray core images of imploding ICF capsules.
Highly magnified, spectrally-filtered images created using an array of pinholes placed close to the
target will be projected onto a scintillator placed at the target chamber wall. A telescope will be used to
relay the scintillator emission to a distant optical detector that is time-gated in order to minimize
backgrounds, in particular from neutrons. The system is optimized with respect to spatial-resolution,

signal-to-background and signal-to-noise ratios.

1. Introduction

We present a feasibility study and design of a High-Energy X-Ray Imager (HEXRI) to be used on
cryogenic DT implosions at the National Ignition Facility. Even though the system is essentially based
on a simple X-ray pinhole camera, the extremely high anticipated neutron yields and X-rays generated
by laser plasma instabilities (LPI) will make X-ray imaging much more difficult than it is at current
smaller facilities. The HEXRI’s primary mission will be to record X-ray core emission images of pre-
ignition cryogenic DT implosions to aid in recovery from possible failures to achieve ignition.
Therefore the critical parameters to be measured are the core size and shape, using broadband imaging
around 9-10keV. A secondary mission will be to provide hot-spot electron temperature and density,
by cross-comparison of multiple higher-energy (10-20 keV) differentially filtered x-ray core images.
Another secondary mission will be to observe main-fuel areal-density spatial variations by cross-
comparison of multiple lower-energy (< 10 keV) differentially filtered x-ray core images that use core
emission to backlight cold main-fuel plasma. The primary requirements for such a system are: a
spatial resolution better than 10 ym for energies between 9 and 20 keV ; temperature and density
profiles accurate to 20% near the center of the core ; adequate (better than 5) signal-to-noise (SNR)
and signal-to-background (SBR) ratios ; a field of view (FOV) larger than 100 um; operability over a
neutron yield range between lel5 and lel7.
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2.  System description

HEXRI" will be a time-integrated pinhole/scintillator system, converting x-rays to visible light and
relaying the images to a distant detector. Figure 1 shows the basic setup of the system with the
definition of the various parameters. The images will be created using an array of pinholes mounted,
close to target, on the ignition cryogenic
target positioner. The highly magnified
(~100x) images of implosion cores will be (Ta
projected onto a scintillator placed at the
target chamber wall, and filters placed in
front of the scintillator will restrict the
detected x-ray spectrum. A telescope system
will then be used to relay the scintillator
emission to a distant detector that is time-

—
/ cintillator

gated in order to minimize neutron-induced Gated
backgrounds. The emitted neutron Ty wall

distribution, peaking at 14 MeV, requires =
detector time-gating to eliminate the late- Figure 1: Sketch of the simplified set up for the
arriving background, on times shorter than ~ HEXRIL

50 ns. This fixes an upper value for the
scintillator decay time. On the other hand the
phosphor is required to have radiation hardness high enough to sustain tens of NIF shots without
noticeable changes in detection properties. These two constraints appear to narrow our choices to BaF,
LSO and GSO as scintillating materials. The spatial resolution o on the object is assumed to be the
convolution of the geometrical resolution and the diffraction point spread function®: o*= [d(1+1/M)]*
+ (2.44 )\ p /d)>, where M is the magnification. The spatial resolution has been optimized assuming
the minimum possible pinhole-target distance,

Image relay system
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// 50mm, and the scintillator at the chamber wall.

¢ / Under these conditions a resolution of 5.8 ym at 9

= y keV is obtained for a pinhole diameter of 4 um and a

s / magnification of ~100x. The FOV will be limited
T 4 - . .

& L~ only by the detector size. The primary sources of

2 —— image blur in the whole cascaded system are

L radiation scattering in the scintillator and depth-of-

2 e 2 focus of the optical system. Both increase with the

Figure 2: Resolution of the cascaded system: scintillator thickness, t,. Fig.2 shows that, as far as
variation, with respect to the pure pinhole resolution is of concern, we can accept scintillator
resolution. F-number =2. At ~100 wm the | thicknesses up to ~120 um. The expected x-ray
resolution is still very good (6.2 mm vs. 5.8 | gource brightness has been estimated from target

). . . .
mm design simulations® to be 1016 W/cm? Sr keV at 9

keV, with duration of 100 ps.

The scintillator output has been calculated considering a 10 wm thick Au hohlraum and a 7mm-thick
Be filter. X-rays passing through the pinhole substrate generate backgrounds, so that the thickness and
composition of the substrate needs to be considered.

The system will produce a 10x10 array of differentially filtered images in order to obtain hot-spot
temperature and density maps. This, together with the magnification, will require a scintillator with a
transverse dimension of about 15 cm. The scintillator area and the size of the gated optical camera will
then determine the final magnification of the relay optical system. Figure 3 reports the spectrum-
integrated signal-to-noise ratio (SNR, from statistics) and the signal-to- background ratio (SBR, from
x-rays passing the pinhole substrate), together with the loss (%) in resolution at the source plane vs.
scintillator thickness, of the full-cascaded system, i.e. including the image relay optics (F#2) and
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Figure 4

SNR, SBR and loss in resolution vs.
thickness for a GSO scintillator.
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Figure 5

Monte Carlo simulations of gamma rays spectrum
for the main sources inside the NIF target
chamber.

3. Conclusions

CCD. The pinhole substrate is Pt, 75 um thick, the
scintillator is GSO, 25 um thick. The detection process
in the scintillator has been assumed to follow
Poissonian statistics®. The SNR can be improved by
using a thinner Be filter, Imm vs. 7mm thickness gives
a factor of ~1.5 increase, and a reflection coating on the
front side of the scintillator, giving an increase of a
factor of V2. An important source of background are
gamma rays from neutron-gamma reactions. The results
from Monte Carlo simulations (TART®) of various
gamma sources inside the NIF target chamber are
shown in Fig.5, reporting the spectrum of the gamma
rays incident onto the scintillator. As a result the major

sources of gamma background are the target positioner
and the pinhole for neutron imaging.

The transport of gamma rays into the scintillator has
been calculated using a dedicated Monte Carlo code.
The resulting signal-to-background levels for the three
scintillators under consideration is found to be ~ 6,
assuming a neutron yield of 1E17 and a scintillator
thickness of 25um. The background from LPI X-rays is
currently under evaluation. Preliminary calculations
using a thick target bremsstrahlung formula © show
that assuming a conversion efficiency of the laser
energy into hot electrons of 1% results in a SBR of
about 2. Doubling the pinhole substrate thickness
increases the SBR up to 5.

Using a pinhole about 4 um in diameter a resolution of 5.8 um is achieved at 9 keV, limited by
restrictions in the pinhole positioning. The resolution varies between 8.5 and 4.5 um in the 5 - 20 keV
spectral range. Signal/Background (SBR) and Signal/Noise (SNR) ratios have been estimated to be
adequate for available scintillators showing fast enough decay time and suitable radiation hardness,
namely BaF, GSO and LSO. We are currently developing a more adequate Monte Carlo simulation to
account for background from n-gamma reactions and LPI X-rays.
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